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INTERMOLECULAR INTERACTIONS IN TERNARY 
SOLUTIONS OF A DISUBSTITUTED PYRIDAZINIUM 

YLID STUDIED WITH KOSOWER SOLVENT 
EMPIRICAL SCALE 
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Abstract. The empirical scales of solvents can be used in order to describe the solvent influence on the electronic 
absorption spectra. The energy in the maximum of the visible intermolecular charge transfer (ICT) absorption 
band recorded in ternary solutions of p-cumyl-pyridazinium -2,4,6-picryl methylid (CPBPM) was  correlated  to 
the Kosower’s  solvent polarity empirical parameters Z. In binary solvents water + dioxane and water + acetone, 
the wave number in the maximum of the ICT electronic absorption band of CPBPM increases with the water 
content increasing. The composition of the first solvation shell was established for both ternary solutions.  
Keywords: intramolecular charge transfer (ICT), ternary solutions, solvent empirical parameter Z, p-cumyl-
pyridazinium-benzoyl-2,4,6-picryl methylid, first solvation shell.   
Rezumat. Scările empirice ale solvenților pot fi utilizate pentru a descrie influența solvenților asupra spectrelor 
de absorpție. Energia în maximul benzii de absorpție cu transfer intramolecular de sarcină din vizibil, inregistrată 
în soluții ternare ale ilidei p-cumil-piridazinium-benzoil-2,4,6 picril metilidă (CPBPM), a fost corelată cu 
parametrul empiric Z al polarității definit de Kosower. În solvenți binari apă+dioxane și apă+acetonă, numerele 
de undă în maximul benzii electronice de absorpție a CPBPM cresc odată cu conținutul de apă al soluției. 
Compoziția primei sfere de solvatare pentru ambele soluții ternare a fost stabilită.  
Cuvinte cheie: transfer de sarcină intramolecular (ICT), soluții ternare, parametrul empiric Z al solventului,  
p-cumil-piridazinium-benzoil-2,4,6 picril metilidă, prima sferă de solvatare. 

1. INTRODUCTION 

 The*studied ylid, p-cumyl-pyridazinium-benzoyl-
2,4,6-picryl methylid (CPBPM) has a positive 
Nitrogen, on the pyridazinium heterocycle,  covalent 
bounded with a negative Carbon (named carbanion) 
(Zugrăvescu & Petrovanu, 1976). The chemical 
structure of the molecule is shown in Fig. 1. 
 

 
 

Fig. 1. The chemical structure of p-cumyl-pyridazinium-
benzoyl-2,4,6-picryl methylid (CPBPM): R = CH(CH3), 

R1 = C6H2(NO2)3, R2 = COC6H5. 
 

The carbanion has a pair of free electron that 
can be moved by the UV-VIS photons. By excita-
tions a part from the carbanion charge passes 
toward pyridazinium heterocycle. Due to the intra-
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molecular charge transfer (ICT) a visible absorption 
band appears. This band is sensitive to the solvent 
nature: the energy in the maximum of the absorption 
band, the position of this band in the wavenumbers 
scales depends on the solvent. The ICT visible 
absorption band is moved toward blue (negative 
solvathocromism or hypsochromic shifts) when the 
polarity of the solvent increases or by passing the 
spectral active molecule from an aprotic to a protic 
solvent (Dorohoi et al., 1994) (Dorohoi, 2004).  

The studied molecule has various applications in 
chemistry (acid-basic indicator, analytical reagent) 
(Pawda, 1984), (Zugravescu & Petrovanu, 1976), in 
physics (to search some parameters in the excited 
state) as well as in pharmacy due to their antimicro-
bial and antifungal action (Tucaliuc et al., 2008), 
(Kolar and Tisler, 2000), (Mangalagiu et. al, 2007).  

2. THEORETICAL BACKGROUND 

The ternary solution consists in the spectrally 
active molecules and the binary solvent: the active 
solvent indexed by (1) and the inactive solvent 
indexed by (2).  Generally, ternary solutions are not 
homogenous: the active solvent tends to occupy the 
more favourable places around the spectrally active 
molecule (in first solvation shell). The molar 
fractions, x1 and x2 refers to the number of the 
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solvent molecules by the type (1), respectively (2) 
in bulk solution and the average statistic weights p1 
and p2 refers to the average number of the solvent 
molecules by the type (1), respectively (2) from the 
first solvations shell. 

The average statistic weights of the two 
solvents in the first solvation shell of the spectrally 
active molecule are defined (Dorohoi et. al, 2008), 
(Avădanei et al., 2011) (Dulcescu et al. 2010), by: 

 N

N
p 1

1   and 
N

N
p 2

2    (1) 

In Eq (1), 1N and 2N are the average values of 
the numbers of the solvent molecules by the types 
(1), respectively (2) and N is the total number of 
the solvent molecules from the first solvation shell 
of the spectrally active molecule. 

The average statistic weights in the first 
solvation shell of the spectrally active molecule 
can be estimated from the electronic absorption 
spectrum of ternary solutions, (see Eq (2)). 
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In Eq (2)   is the wavenumber in the maximum 
of ICT band and indexes 1, 2 and t correspond to 
solvent (1), solvent (2) and respectively to the 
ternary solution. 

The average statistic weights p1 and p2 satisfy 
relation (3). 

 121  pp              (3) 

The index of the preferential solvation (the 
excess function) )1( of the active solvent (1) was 

defined (Sasirekha, 2008) by relation (4). 

 11)1( xp   (4) 

The positive values of )1(  
indicate that the first 

solvation shell of the spectrally active molecule 
contains a higher number of the solvent (1) 
molecules compared to the rest of the solution. 

In order to classify the solvents by their actions 
on the absorption or fluorescence spectra it was 
built the solvent scales. One of the most widely 
used solvent polarity scale is the Kosower scale 
(Kosower, 1968), (Kosower, 1962). He defined the 
Z polarity parameter as the molar transition energy, 
expressed in kcal/mol, for the charge transfer (CT) 
absorption band of 1-ethyl-4-(methoxycarbonyl)-
pyridinium iodide (as standard probe) in the 
appropriate solvent according to Eq 5. 

3 1(kcal/mol) 2,859 10 (cm )AZ hc N - -= = ⋅   (5) 

where: h is Planck’s constant, c is the velocity of 
light, υ is the wavenumber of the photon which 
produces the electronic excitation and NA is 
Avogadro’s number.  

The empirical parameter Z describes the universal 
interactions as well as the specific hydrogen bond 
donor (HBD) (Reichardt, 2003), (Wypych, 2001). 

The studied ylid shows hypsochromic shifts by 
crossing from nonpolar to polar solvents or from 
aprotic to protic solvents as like the standard probe 
used by Kosower.  

3. EXPERIMENTAL 

The electronic absorption spectra were recorded at 
a Specord UV-Vis Carl Zeiss Jena spectrophotometer 
with a data acquisition system. The binary solvents 
have been achieved in volumetric ratios and the 
molar concentrations 1x and 2x  were computed 
(Dorohoi et al., 2008), (Avadanei et. al, 2008).  

p-cumyl-pyridazinium-benzoyl-2,4,6 picryl me-
thylid (CPBPM) considered as the spectrally active 
molecule was prepared (Zugravescu & Petrovanu, 
1976), in the Labs of Alexandru Ioan Cuza 
University. The obtained compound was checked 
from the purity point of view by analytical and 
spectral (IR and NMR) means. The spectrally 
grade solvents was purchased from Merck. 

The Z values for binary solvents were taken 
from literature (Kosower, 1968), (Kosower, 1962), 
(Kosower, 1958). 

4. RESULTS AND DISCUSSION  

The ICT visible band of the studied ylid in 
ternary solutions CPBPM + dioxane + water and 
CPBPM + acetone + water have been recorded and 
the energy expressed in kcal/mol in its maximum 
are  listed in Table 1 and Table 2 respectively.  

In the study presented here, CPBPM is the 
spectrally active molecule, water is the active solvent, 
dioxane and acetone are inactive solvent. The energy 
in the maximum of the visible ICT band increase 
when the water molar fraction increases for both 
ternary solutions. The wavenumbers in the maximum 
ICT band, the molar fraction of the water, x1, the 
average static weight of the water, p1, the preferential 
solvation constant, δ(1), for ternary solution CPBPM, 
were computed. 

A linear dependence by the type (6) has been 
established between the energy in the maximum of 
visible ICT band of CPBPM in studied ternary 
solutions and  Kosower empirical parameter Z 

 max (kcal/mol) (kcal/mol)E mZ n= +    (6) 

The linear dependence (6) is shown in Figure 2 
for both ternary solutions and the characteristic of 
linear regression are listed in Table 3.  
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Table 1  

Wavenumbers in the maximum of the absorption band, ν (cm–1);  energy in the maximum of absorption band, 
Emax (kcal/mol); Kosower’s polarity parameter, Z (kcal/mol); molar fraction of the water, x1;  average statistic weight  
of the water, p1 ; preferential solvation constant, δ(1) and volumetric concentration of water, C%  for ternary solution 

CPBPM + water + dioxane 

Nr. ν (cm–1) Emax (kcal/mol) Z (kcal/mol) x1 p1 δ(1) C% water 
1 21551 61.6 63 0 0 0 0 
2 21725 62.1 76.7 0.345 0.333 -0.011 10 
3 21760 62.2 79.2 0.455 0.400 -0.055 15 
4 21795 62.3 80.2 0.542 0.467 -0.077 20 
5 21865 62.5 81.7 0.612 0.600 -0.012 25 
6 21900 62.6 82.8 0.670 0.667 -0.003 30 
7 22075 63.1 94.6 1 0 0 100 

 
Table 2  

Wavenumbers in the maximum of the absorption band, ν (cm–1);  energy in the maximum of absorption band, 
Emax (kcal/mol); Kosower’s polarity parameter, Z (kcal/mol); molar fraction of the water, x1;  average statistic weight  
of the water, p1 ; preferential solvation constant, δ(1) and volumetric concentration of water, C%  for ternary solution 

CPBPM + water + acetone 

Nr. ν (cm–1) Emax (kcal/mol) Z (kcal/mol) x1 p1 δ(1) C% water 
1 21830 62.4 65.7 0 0 0 0 
2 21638 62.62 68.1 0.40 0.314 0.275 1 
3 21813 62.79 72.9 0.177 0.557 0.381 5 
4 21841 62.80 74.8 0.235 0.571 0.337 7 
5 21855 62.82 76.6 0.312 0.600 0.288 10 
6 21935 62.87 78.8 0.418 0.671 0.253 15 
7 21949 63.00 80.7 0.505 0.857 0.353 20 
8 21970 63.01 82.1 0.576 0.871 0.296 25 
9 21984 63.03 83.2 0.636 0.900 0.264 30 
10 22012 63.05 84.3 0.687 0.929 0.242 35 
11 22033 63.06 85.5 0.731 0.943 0.212 40 
12 22075 63.1 94.6 1 1 0 100 
 

        
  

a                                                                                        b 
 

Fig. 2. Energy in the maximum of visible ICT band Emax (kcal/mol) versus empirical parameter Z (kcal/mol) for:  
a – ternary solutions CPBPM + water + dioxane; b – ternary solutions CPBPM + water + acetone. 

 
Table 3 

The characteristic of Eq. (6) 

Ylid m + Δm n + Δn 
(kcal/mol) 

R SD N Eliminated 
points 

Dioxane+water 0.05±0.004 58.43±0.35 0.95 0.10 7  

Acetone+water 0.03±0.002 60.5±0.19 0.94 0.05 11 12 
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a                                                                     b 

 
Fig. 3.  Water average statistic weight versus water molar fraction for ternary solutions: 

a – CPBPM + water + dioxane; b – CPBPM + water + acetone. 
 

        
a                                                               b 

 
Fig. 4. δ(1) versus x1 for ternary solutions: 

a – CPBPM + water + dioxane; b – CPBPM +water +acetone. 
 

There is a good correlation between Emax and Z 
for both ternary solutions. The small slopes of linear 
dependence (see Table 3) indicate a small sensitivity 
of the studied ylid to the empirical polarity Z. 

The linear dependence (6) suggests that the dipole 
moment of the studied ylid in the excited state is 
smaller than its dipole moment in the ground state. It 
results that the interaction energy in the ground state 
of ylid is higher than the interaction energy in its 
excited state. In the case of Kosower standard probe, 
after ICT process, the dipole moment is perpen-
dicular on the ground state dipole moment; thus, the 
interaction energy in the excited state becomes null.  

The average statistic weight, p1, of the active 
solvent increases with the molar fraction of the 
active solvent x1,  as it is shown in Figures 3a and 
3b, in ternary solutions of  the binary solvents 
mentioned above. 

For ternary solutions ylid +water +dioxane the 
slope of linear dependence shown in Fig. 3a is 
aproximatively 1; it means that water average 
statistic weight in the first solvation shell is 
aproximatively equal to the water molar fraction.  

In order to establish the homogeneity of the 
studied ternary solutions the preferential solvation 
constant δ(1) was plotted versus water molar 
fraction (Fig. 4a and 4b).  

In binary solvent water + dioxane, the pre-
ferential solvation constant values are negative; it 
means that in the first solvation shell of the 
spectrally active molecule, the number of the water 
molecule is smaller than the number of water 
molecules from the bulk solution. The difference is 
very small; the higher difference is for x1=0.5. 

For binary solvent water + acetone, the prefe-
rential solvation constant values are positive; in the 
first solvation shell of the spectrally active molecule 
there are more water molecules than in the bulk 
solutions. 

5. CONCLUSIONS 

1. The wavenumbers in the maximum of the 
ICT visible absorption band recorded in ternary 
solutions CPBPM + dioxane + water and CPBPM 
+ acetone + water increase with the water molar 
concentration. 
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2. There is a good correlation between the 
energy in the maximum of the ICT visible band 
and the Empirical polarity parameter defined by 
Kosower. 

3. For ternary solution CPBPM + water + 
dioxane the small negative values of the preferential 
solvation constant  shows that in the first solvation 
shell are a little bit  less water molecules than in 
the bulk solutions. 

4. The active solvent (1) prevails in the first 
solvation shell of the spectrally active molecule for 
ternary solutions CPBPM + water + acetone.  
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